A C C E P T E D M A N U S C R I P T
Problematic internet use (PIU) affects between 2 and 20% of the population [1] [2] [3] , and is typically assessed through the use of self-report questionnaires 4, 5 . Such prevalence figures have led to requests for further study into the nature of any potential internet-related disorder 6 . Those who report PIU also tend to report very high levels of internet usage 7, 8 , poor social relationships 9, 10 , disrupted sleep patterns 11, 12 , poor motivation to work and study 13 , and poor immune function 14 . In addition, problematic internet use has been found to be co-morbid with a range of psychiatric problems 15 , such as depression 16, 17 , anxiety 18 , autism spectrum disorders 19 , and even psychosis 20, 21 and impulse control 22, 23 . The phenomenon has been subject to a number of reviews, which have highlighted the different terms used to describe these effects (e.g., internet addiction, pathological internet use, problematic internet use), and provided overviews of the suggested nature of the putative problem 24, 25 .
In addition to the clear links between PIU and a range of psychological and physical problems, there is some evidence relating to whether those reporting PIU display signs of addiction 21, 26, 27 . It has been established that when an individual with PIU stops using the internet, they report negative psychological consequences, such as increased negative mood 21, 27 and anxiety 21, 26 , and they may also report decreased positive mood 21 . Furthermore, exposure to the internet in internet-deprived high PIU scorers leads to an 'internetconditioning' effect; aspects of the websites visited during the first internet session following deprivation gain positive hedonic status 27 , putatively due to the alleviation of withdrawal effects positively conditioning those stimuli -an effect often seen for drugs of abuse 28, 29 .
However, although there is growing evidence for psychological withdrawal effects in high problem users, little is known about any physiological effects during any such 'withdrawal period'.
A recent study has shown that when individuals who score highly on a measure of PIU stop using the internet, they display an increase in heart rate and systolic blood A C C E P T E D M A N U S C R I P T pressure 30 . Similar findings also have been noted across a range of drugs, such as alcohol 31 and cannabis 32 . However, few, if any, other physiological measures have been studied in the context of internet cessation for individuals with higher and lower PIU scores. The main aim of the current study was to document changes in the galvanic skin responses (GSR) of participants who did, and did not, report PIU across three phases: prior to internet exposure, during internet exposure, and, critically, after internet exposure. GSR has been extensively used as a measure of arousal, and, although it can indicate a wide range of aroused/emotional states across different individuals, it has been shown to increase after exposure to drugrelated cues for those addicted to alcohol and opiates 33 , and to correlate with cravings for opiate-withdrawn individuals 34, 35 . Given this, GSR was considered to be a suitable and readily-taken measure by which to assess physiological changes after internet cessation. If GSR increases on separation from the internet in those with PIU, then this would present a similar pattern of physiological activity to that noted for individuals undergoing withdrawal from several substances [34] [35] [36] , and this would be evidence suggestive of a physiological effect that may be akin to withdrawal.
Such an increase in GSR has been noted to be related to anxiety in a variety of situations 37,38 . Self-rated anxiety has been noted to increase during an internet-separation period in those with PIU 18, 21, 26 . Given this, the relationship between self-reported anxiety and GSR was also assessed to determine whether there was convergence between the physiological and psychological aspects of a putative internet withdrawal effect.
A C C E P T E D M A N U S C R I P T target as they are most commonly affected by PIU 4, 13 . All participants were students, and were volunteers -none received any form of compensation for their participation. The 
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The participants were tested individually in an experimental cubicle containing a desk, chair, and computer. During a brief introduction to the experiment, participants were told that this was an assessment of personality and physiological reactions, during which they would be asked to complete some forms, relax for 15min, surf the internet for 15min, and then relax for a further 15min, before completing some further questionnaires.
The participants were first asked to complete the STAI questionnaire, and were then attached to the GSR monitor by attaching finger electrodes. Participants were instructed to rest the connected hand on the table, and to refrain from talking and moving their hand during the session in order to avoid interfering with the measurement. The participants were given a period of 3min to adjust to the electrodes, before measurement started. At this point, they
were told to relax for 15min, which constituted the baseline measurement period.
After this 15min baseline period, participants were allowed to surf the internet for 15min. A short internet period was used in this study in line with previous investigations of GSR 40 , and as this has been found previously to be long enough to produce psychological changes in high problem users 21, 23 . Moreover, shorter periods of internet use are more reflective of current methods of interacting with the internet since the advent of mobile devices 23, 26 .
After a 15min period of internet exposure, the participants were asked to switch off the internet, and were told to relax for 15min, which constituted the 'withdrawal' period.
Following this they were asked to complete the STAI and then the IAT questionnaire.
Results
The mean problematic internet use (IAT) score for the sample was 33.73 (+ 12.50; range = 13 -74); 16 (26.7%) participants scored above the cut-off point of 40 for mild or between the PIU score and anxiety (STAI) scores at baseline, r = .309, p < .05, and postinternet, r = .417, p < .001.
The sample was split at the IAT cut-off point (40) for mild or worse internet problems, to create two groups: a lower-PIU group (N = 44, IAT = 27.82 + 6.94; range = 13 -39), and a higher-PIU group (N = 16, IAT = 50 + 9.46; range = 40 -74). Figure 1 shows the group-mean anxiety (STAI) scores before and after the internet session. Inspection of these data reveals that anxiety levels decreased in the lower-PIU group, but increased in the higher-PIU group, after exposure to the internet. A two-factor mixed-model analysis of variance (ANOVA) with group (lower versus higher PIU) as a between-subject factor, and time (before versus after) as a within-subject factor, was conducted on these data. This analysis revealed a significant main effect of group 
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group, F(1,58) = 19.97, p < .001; η 2 p = .419 [.083:419]; Bayes Factor = .001; p(H 1 |D) = .994, p(H 0 |D) = .001, and a significant increase in anxiety for the higher
----------------------------Figure 2 about here ----------------------------
The mean baseline GSR scores for the two groups were calculated, and were: 10. The right panel of Figure 2 shows the minute-by-minute group-mean percentage change in GSR after internet exposure relative to the mean GSR during baseline (calculated by dividing each participant's mean GSR score for each minute post-internet exposure by their mean baseline GSR). There was little change in GSR for the lower-PIU group during the post-internet period, but GSR for the higher-PIU group increased over the period when internet access was stopped.
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A mixed-model ANOVA (group x time) conducted on these data revealed no statistically significant main effect of group, F < 1; η There were significant positive correlations between the GSR percentage change from baseline during the last minute of the withdrawal period and the post-internet anxiety (STAI) score, r = .386, p < .01, and also between this GSR score and the change in anxiety, r = .274, p < .05.
Discussion
The results demonstrated that GSR increased over time after cessation of the internet session for higher, but not lower, PIU groups. These data extend findings showing that those with higher PIU scores display increased physiological measures of arousal (i.e. heart rate and blood pressure) after internet-session cessation 30 . That internet cessation produces increased GSR for those with higher PIU scores is similar to effects seen for those experiencing withdrawal from 33 , and cravings for 34,35 , addictive substances. The current data also replicate several previous demonstrations of the negative psychological impact of cessation of internet usage on a higher-PIU group; there being an increase in anxiety for the high PIU group after the internet session relative to before 21, 26 . The increase in self-reported
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anxiety seen on cessation of an internet session 21, 26 was correlated with an increase in GSRan effect previously noted for increases in anxiety in other situations 37, 38 . These findings further strengthen the suggestion of a withdrawal effect on cessation of an internet session, which impacts both psychological 21 and physiological responses 30 (although further research will be needed to validate this interpretation).
The finding that GSR increased following cessation of an internet session for those with self-reported PIU mirrors findings that have previously been noted for self-rated anxiety 26 . That both GSR and self-rated anxiety get larger as time from cessation increases,
suggests that this reflects a withdrawal effect 21 . Although caution is certainly needed in making the assumption that these effects reflect 'withdrawal', there are a number of pieces of evidence that would support such a hypothesis. It is known that anxiety will increase on cessation of several substances 36 , and it may be that cessation of internet use for those with PIU reflects a similar 'withdrawal' effect. In addition, it is known that GSR will increase during periods of craving for a range of addictive substances 31, 34, 35 .
As with any study, it is important to note a number of cautions, caveats, and limitations that could prompt further explorations of this area. For example, it is unclear how long these 'internet withdrawal' effects will last. Studies using self-report have noted an increase in self-reported anxiety in those with higher PIU over the course of hours 26 , while the current report only studied GSR for 15min after cessation. However, if alleviation of withdrawal by re-exposure to the internet is implicated as a maintaining factor in internet use for those with PIU 27 , then, given the ease of connecting to the internet through mobile devices 23 , this withdrawal effect may not need to last long to trigger an internet response.
Further work will be necessary to explore the precise nature of these putative internet withdrawal effects. For example, although the current GSR changes following cessation of internet use are similar to those noted for self-reported anxiety, they also may be related to
other number of psychological factors. For example, it is known that positive and negative mood also changes after cessation of the internet 21, 26 , and these relationships will need to be investigated when examining this phenomena further. It may also be that the function that the internet use is serving for the individual, and this may vary across problem users, could impact the physiological responses. For example, if the internet is being used to generate excitement 42 , the effects of withdrawal may be different to when it is being used to escape an aversive situation, such as loneliness 9 . The current study employed a straightforward GSR measure of arousal to assess physiological changes for those with higher and lower PIU scores after internet cessation. Use of such a measure makes difficult a completely unambiguous interpretation of the reasons for the increased arousal. It may be that employing a greater range of physiological markers 43 would help to separate out the positive and negative psycho-physiological processes.
In summary, the current results have demonstrated a physiological impact of cessation of internet use for higher, but not lower, problem users. This further supports the notion that internet use could be regarded as a form of behavioral addiction, which can have a range of impacts on the individual's physiology and health.
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